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(54) Plasma display panel 

(57) The invention relates to a plasma display panel 
which has a front substrate (9) having sustaining elec- 
trodes (7) wired thereon and a rear substrate (4) having 
address electrodes (3) wired thereon and displays an 
image by means of electric discharge that occurs in a 
minute discharge space formed in the gap between the 
two substrates and which has a protective film (5) com- 
prising at least one metal oxide which covers a dielectric 
layer (6) provided to the front substrate (9), wherein the 
protective film (5) is constituted essentially of a material 
which undergoes elimination of the major part of mois- 
ture and carbon dioxide adsorbed thereonto at a tem- 
perature of 350^C or less. The protective film (5) com- 
prises at least one oxide comprising magnesium oxide 
as main component. Additional components may be se- 
lected from Ca, Sr, Ba, 2n, AI, Zr. Si, Ti, Sn, Ce and La, 
The plasma display panel has improved secondary 
electron emission characteristics. 
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1 1 protective film, 

12 Ne ion beam, 

13 secondary electron, 

1 4 collector electrode. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] Fig. 1 is an enlarged view showing a part which 
constitutes one picture element of a PDP wherein the 
protective film of the present invention is used. Fig. 1 (a) 
is a perspective view and Fig. 1 (b) is a sectional view 
taken along lb-lb of Fig. 1(a), 

[0029] In the PDP, as shown in Fig. 1 (a), a front sub- 
strate 9 and a rear substrate 4 are provided so as to 
oppose to each other. The rear substrate 4 is provided 
with three kinds of fluorescent materials 1 R, 1 G and 1 B, 
separated from one another by a partition wall 2 (barrier 
rib), for displaying one picture element. 
[0030] The picture element is constructed such that 
one picture element can be displayed in the respective 
colors by the three kinds of fluorescent materials 1 R, 1G 
and 1 B, respectively. 

[0031] The rear substrate 4 is further provided with 
address electrodes 3 wired along the Y axis direction. 
The front substrate 9 is provided with sustaining elec- 
trodes 7 wired along the X axis direction such that the 
electrodes 7 may be perpendicular to the above-men- 
tioned address electrodes. The sustaining electrodes 7 
are provided with a bus electrode 8 wired so as to lie 
parallel to the electrodes 7. 

[0032] One side surface of the sustaining electrodes 
7 and the bus electrode 8 are covered with a dielectric 
layer 6. Further, a protective film 5 Is provided on the 
surface of the dielectric layer 6. 

[0033] A rare gas of a specified pressure is enclosed 
as discharge gas between the front substrate 9 and the 
rear substrate 4. When a predetennined voltage is ap- 
plied to the address electrodes 3, the sustaining elec- 
trodes 7 and the bus electrode 8, the fluorescent mate- 
rial emits visible light by the action of ultraviolet light 
which goes with a plasma discharge of the above-men- 
tioned rare gas, and visible light is radiated from the front 
substrate 9 to the outside to effect a display by the pic- 
ture element. 

[0034] When the protective film which permits an easy 
elimination of moisture and carbon dioxide is used ac- 
cording to the present invention, the coefficient of sec- 
ondary electron emission from the protective film can be 
improved, and resultantly the firing voltage of the PDP 
can be decreased. Further, the emission of impurity gas- 
es from the protective film at the time of use is de- 
creased, and a high stability of discharge is obtained. 
[0035] The protective film for PDP in the present In- 
vention is not particularly limited as to the film-forming 
method so long as the method can give a film of a spe- 
cific property, namely the specifk: moisture elimination 
characteristic, intended by the present invention. There 
may be used, for example, electron beam vapor depo- 



sition, sputtering and ion plating. In order to obtain a film 
which shows the characteristic property intended by the 
present invention, however, some contrivance is neces- 
sary as an optimization of the film-forming conditions 

5 suited to the respective methods. 

[0036] The structure required for an MgO film which 
shows the moisture and carbon dioxide elimination 
characteristics necessary in the present invention is not 
yet definitely clear. 

10 [0037] However, as described above, according to the 
investigations conducted thus far by the present inven- 
tors, the surface structure of MgO and the adsorptlve 
power thereof for moisture and carbon dioxide are re- 
lated to each other and the (111) plane shows a partic- 

15 ularly strong adsorptive power, so that it is advisable to 
form the film such that other planes than the (111) plane, 
for example, the (200) plane and the (220) plane, are 
mainly present on the surface. 

[0038] In the PDP of the present invention, a gas me- 

20 dium is enclosed In the discharge space. Usually, a mix- 
ture of rare gas elements is used as the gas medium. 
More specifically, at least one gas selected from the 
group consisting of helium, neon, argon, xenon and 
krypton is used. 

25 [0039] The pressure of the enclosed gas is not partic- 
ularly limited but is preferably 400 to 760 Torr. 
[0040] Next, an example, in which the protective film 
for PDP electrodes according to the present invention 
is fornied by ion plating, is described below. 

30 [0041] In the present example, the protective film 5 
was formed by using a vacuum film-fonning apparatus 
of an ton plating system in which the starting material 
for the film, vaporized by electron beam irradiation, 
passes through a high frequency coil and deposits on 

35 the substrate. 

[0042] Granular magnesium oxide was used as the 
starting material for the film; oxygen gas was fed into 
the vacuuro film-forming apparatus, and a protective film 
5 comprising magnesium oxide was formed. Various 

40 films different in their properties were formed by varying 
the heating temperature of the substrate in the film for- 
mation and the amount of fed oxygen gas. Further, as 
a Comparative Example, a protective film was formed 
also by electron beam vapor deposition method. 

45 [0043] The emission characteristics of moisture and 
carbon dioxide from the film were determined by the 
TPD-MS (Temperature Program Desorptlon Mass 
Spectrometry) method. This method comprises, while 
heating a sample to increase its temperature at a con- 

50 stant rate, detecting the generated gases with a mass 
spectrometer. 

EXAMPLES 

55 Examples 1 to 5 

[0044] Examples of a process for forming a protective 
film are described in detail below. Oxygen gas at a pres- 
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sure of 3 • 1 0'^ Pa was Introduced into the vacuum film- 
fonning apparatus, and glass substrates were heated at 
respective temperatures of lOCC, ISO^'C, 200°C, 
250^C and 300°C with a substrate heater to effect a film 
formation, whereby protective films 1 . 2, 3. 4 and 5 of s 
the Examples were obtained. The film-forming rale was 

2 nm/s. 

[0045] A high frequency wave of 1 .5 kW was applied 
to the high frequency coil. A voltage of 1 00 to 400 kV as 
minus DC bias voltage was applied to the substrate. io 
[0046] The results of determination by the TPD-MS 
method showed that the main peaks of moisture elimi- 
nation from the protective films of Examples 1 to 5 were 
at 310°C. 314«C, 320<>C, 325^C and 330*>C, respective- 
ly. It was confirmed that when the films were held at is 
350*C for 30 minutes, 90% or more of the moisture was 
eliminated from all of the films. 

[0047] It was further confinried that the elimination 
peak of carbon dioxide was at about 340''C for all of the 
films, and 90% or more of the carbon dioxide was elim- 20 
inated when the films were held at 350*'C for 30 minutes. 

Comparative Examples 1 to3 

[0048] Protective films of Comparative Examples 1 to 25 

3 were fomrjed by electron beam vapor deposition. Ox- 
ygen gas was introduced at a pressure of 2 • 1 0-2 Pa, 
and glass substrates were heated to substrate temper- 
atures of 100*»C, 200''C and 300^C. respectively, to ef- 
fect a film fomriation, whereby protective films 1 . 2 and 3o 
3 of the Comparative Examples were obtained. The film- 
forming rate was 2 nm/s. 

[0049] The results of detemiinatlon by the TPD-MS 
method showed that the elimination of moisture from the 
protective films 1 , 2 and 3 of Comparative Examples h ad 35 
a big peak at about 450*'C besides the peak at about 
320°C in all of the films. It was revealed further that the 
adsorbed moisture could not be removed completely 
even when the films were held at SSO'^C for 30 minutes, 
and about 20% of the total adsorbed moisture was left 40 
remaining. The elimination peak of carbon dioxide was 
found to be at about 340°C for all of the films. 
[0050] The secondary electron emission coefficient, 
whfch is a parameter closely related to the discharge 
characteristrcs of a POP. was determined as follows. 45 
[0051] Fig. 2 is a schematic view showing the struc- 
ture of a secondary electron emission coefficient meas- 
uring apparatus used for the detemiinatlon. With refer- 
ence to the secondary electron emission coefficient 
measuring apparatus as shown in Fig. 2, the surface of so 
a protective film 11 comprising MgO fomied on a stain- 
less steel substrate 10 was irradiated with a Ne ion 
beam 12 to emit secondary electrons 13, which were 
collected by a collector electrode 1 4 arranged on the up- 
per surface of the protective film 1 1 to produce an elec- ss 
trie current in the electrode 14, and the secondary elec- 
tron emission yield was determined from the value of 
the cun-ent thus produced. 
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[0052] A'bias voltage Vc was Impressed between the 
collector electrode 14 and the stainless steel substrate 
1 0 so as to make the collector electrode 1 4 the positive 
electrode so that all of the secondary electrons 13 emit- 
ted from the protective film 11 of MgO might be collected. 
The secondary electron emission coefficient refers to a 
value which has reached saturation as the voltage Vc 
applied to the collector electrode 14 is increased. 
[0053] In determining the secondary electron emis- 
sion coefficient, the Ne ion beam was irradiated with an 
acceleration energy of 500 eV. 

[0054] Fig. 3 is a graph showing one example of the 
results of the above-mentioned determination and 
shows the collector voltage dependency of the second- 
ary electron emission coefficient. 

[0055] In Fig 3, curve A shows the characteristic of 
the protective film 1 of the Example, and curve B shows 
the characteristic of the protective film 1 of the Compar- 
ative Example. In the Figure, the abscissa stands for the 
collector voltage, and the ordinate stands for the sec- 
ondary electron emission coefficient (y). 
[0056] Fig. 3 reveals that the secondary electron 
emission coefficient (y) of the protective film 1 of the Ex- 
ample is 0.54 (A), whereas that of the protective film 1 
of the Comparative Example is 0.34 (B), the secondary 
electron emission coefficient of Example 1 being much 
higher than that of Comparative Example 1 . 
[0057] The secondary electron emission coeffbients 
of the protective films of Examples 2. 3, 4 and 5 were 
all in the range of 0.5 to 0.6, whereas those of the films 
of Comparative Examples 2 and 3 were 0.33 and 0.31 , 
respectively. 

[0058] It can be seen from the results described 
above that the MgO films of the present Examples, 
which permit an easy elimination of moisture at low tem- 
perature, have maricedly larger secondary electron 
emission coefficients than the MgO films of the Compar- 
ative Examples, which permit an elimination with more 
difficulty. The use of a protective film having a large sec- 
ondary electron emission coefficient can decrease the 
firing voltage of a POP. 

EFFECTS OF THE INVENTION 

[0059] The use of the protective film of the present 
invention as a protective film of an AC-type POP pro- 
vides the effect that the secondary electron emission co- 
efficient can be made larger, and further the excellent 
effect that the evacuation conditions at the time of panel 
assembling can be made* simpler. 



Claims 

1 . A plasma display panel which has a front substrate 
(9) having sustaining electrodes (7) wired thereon 
and a rear substrate (4) having address electrodes 
(3) wired thereon and displays an image by means 
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of electric discharge that occurs in a minute dis- 
charge space formed in the gap between the two 
substrates and which has a protective film (5) com- 
prising at least one metal oxide which covers a di- 
electric layer (6) provided to the front substrate (9), 5 
the protective film (5) being constituted essentially 
of a material which undergoes elimination of the 
major part of moisture and carbon dioxide adsorbed 
thereonto at a temperature of 350*'C or less. 

10 

2. The plasma display panel according to claim 1 , 
wherein the protective film (5) is constituted essen- 
tially of a material which undergoes elimination of 
90% or more of moisture and carbon dioxide ad- 
sorbed thereonto by means of heat evacuation at a ^5 
temperature of 350**C or less. 

3. The plasma display panel according to claim 1 or 2, 
wherein the protective film (5) is constituted essen- 
tially of a material in which the crystal orientation of 
the film in a direction parallel to the substrate sur- 
face consists mainly of the (111) plane, and other 
planes exposed to the surface are mainly the (200) 
plane and the (220) plane. 

4. The plasma display panel according to any of 
claims 1 to 3, wherein the protective film (5) com- 
prises at least one oxide comprising magnesium ox- 
ide as main component. 

5. The plasma display panel according to claim 4 
wherein the protective film (5) comprises magnesi- 
um oxide as main component and additionally at 
least one oxide of an element selected from the 
group consisting of Ca, Sr, Ba, Zn, Al, Zr, Si, Ti, Sn, 
Ce and La. 

6. The plasma display panel according to any of 
claims 1 to 5, wherein the protective layer (5) has 
been obtained by ion plating. 
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